Recent LHCb data for time-dependent CP violation in B 0 → π + π − and B 0 s → K + K − show deviations from theoretical predictions. Besides their central values for 
with λ f = (q/p)(Ā f /A f ). A f andĀ f are the decay amplitudes for B 
. Since |q/p| is very close to 1, to a good approximation A CP (B → f ) = −C f .
Eq.(1.2) implies the sum rule
This sum rule holds when the time-dependent CP asymmetry is derived from quantum mechanical evolution of states with CPT invariance. We will refer it as CPT sum rule. Time-dependent CP asymmetry is not sensitive to A CP violation in a B decaying into a pair of octet pesudoscalar P P have been extensively studied in the standard model (SM) from model calculations of the values of CP violation to more model independent relations based on symmetry considerations [3] [4] [5] [6] [7] [8] . One of the interesting one relevant to the LHCb measurement is a relation based on SU(3) or its U-spin sub-group symmetry (SU(3)/U) by exchanging d and s quark in these decays [5] ,
(1.4)
If initial and final state mass differences are included, one should multiply a factor λ
to correct the phase space difference caused by mass differences, with λ
Ref. [9] has studied some implications of the above relation to study CKM parameters using the current LHCb data.
In this work, we study implications of the LHCb data for eqs.(1.3) and (1.4). Both equations are violated by the recent LHCb results, with
, and the ratio of left-side to right-side of eq.(1.4) given by 4.67±1.88, respectively. However, these deviations are about 2σ significance, and need to be further confirmed. We suggest new measurements to test the relations. We also propose that the violation of SU(3)/U relation may indicate a large Final State Interaction (FSI) phase difference in the π + π − and K + K − re-scattering.
II. FURTHER TEST OF CPT SUM RULE
The quantum mechanic nature of the CPT sum rule in eq.(1.3) is because that the time-dependent CP asymmetry A(t) is based on quantum mechanic evolution of the states, |B 
where m H,L and Γ H,L are the masses and lifetimes of the heavier and lighter mass eigenstates. The above quantum evolution of states leads to the time-dependent CP asymmetry
2) The recent LHCb data would lead to
3)
The central value seems to violate CPT sum rule [1, 9] . If confirmed, it has far reaching implications for quantum field theory. One of course notices that the violation is less than 2σ and one cannot draw a firm conclusion. One has to wait more accurate experimental data to decide. Quantum mechanic evolutions of states and CPT invariance principles have been tested to great precision in many other systems [2] and it is difficult to invent a consistent theory which violates these principles. We will not attempt to build a theoretical model to explain violation of CPT rum rule, but to suggest our experimental colleagues to have more data to verify their results and also to carry out an analysis imposing the CPT sum rule to allow detailed studies of implications using quantum theory with CPT symmetry.
One may wonder whether to B 0 s −B 0 s really form a close system of mixing. If there is a mixing with some other sector (or sectors) with the correct quantum numbers, the sum rule may change. We do not have a good candidate to choose from because the mass of the candidate system should have a mass very close to B L s and B H s . We will not consider modify the sum rule here, but to see if one can test the sum rule using other decays. We find that this is indeed possible by measuring time-dependent CP asymmetries in
The branching ratios for B 0 s → π + π − and B 0 s → π 0 π 0 come from annihilation contributions (A i type of amplitudes) which are expected to be small [5, 7] shown in Table I . However,
. The branching ratio of B 0 s → π 0 π 0 is predicted to be smaller by a factor of 2 compared with that for B 0 s → π + π − by isospin symmetry which can be seen from Table I . This and the fact that neutral pion is more difficult to measure compared with charged pion make the measurements of relevant quantities for B 0 s → π 0 π 0 much more difficult. The branching ratio of B 0 s → K 0K 0 has also been measured to be (19.6 +9.7
. Unfortunately CP violation has not been observed in these decays. Theoretical estimations based on QCDF [10] give small CP violation in these decays with
. These estimates show that CP violation are small for these decays and difficult to measure. One will measure |A ∆Γ | 2 close to 1. For the pQCD method [11] , it gives
The smallness of CP violation in C f for B 0 s → K 0K 0 is due to small tree contribution when using QCDF. This is an accidental cancellation among SU(3) amplitude terms [7] C (3) amplitudes. This is where the QCDF and pQCD methods become unreliable [10] [11] [12] . Model independent SU(3) global fitting on the other hand give [8] 
With more accurate data, the CPT sum rule can be tested with these decay modes. We encourage our experimental colleagues to carry out relevant measurements.
III. BREAK DOWN OF SU(3)/U RELATION
We now study the implications of the LHCb data [1] on C π + π − = −0.24 ± 0.07 ± 0.01 and C K + K − = 0.24 ± 0.06 ± 0.02. In this study we will assume CPT sum rule in eq.(1.3) holds. Imposing this condition, the values obtained by the LHCb for C π + π − and C K + K − may change. Here we will take the face values for these quantities to study implications for SU(3)/U violation. 1 We have corrected an error for in [8] 
The decay modes
If this symmetry is a good one, there are some relations among the U -spin related pairs and have been used to test the SM and also determine parameters in the model. The decay amplitudes for the two decays in question can be parameterized as
and their corresponding anti-B decay amplitudes are dictated by CPT symmetry to be
where V ij are the CKM matrix elements. T i and P i are the tree and penguin amplitudes with CP conserving phases φ T i and φ P i , respectively. These decay amplitudes in terms of SU (3) invariant amplitudes are given in Table I . One can also express the amplitudes using diagram approach. In the SU(3)/U limit, T d = T s as can be seen from Table I .
In the SU(3)/U limit, r c = 1 and the above equation reduces to eq.(1.4). This relation provides a good test of SU (3)/U in the SM. Deviation of r c from 1 is a measure of SU(3)/U violation.
Using the branching ratios B( 
data it is interesting to investigate how large modifications are needed and also what are the implications for theoretical models trying to calculate B decay amplitudes and CP violation. There are several theoretical calculations for CP violations in these two decays including certain SU (3) breaking effects [5, 10, 11, 13, 14] . A naive factorization calculation gives [5] r c ≈ λ
Using f π = 132MeV, f K = 160MeV, F Bs→K 0 = 0.24 and F B 0 →π 0 = 0.25, one would obtain r c = 1.38. The naive factorization show a deviation from r c = 1, however it is not enough to explain the experiment results in eq.(3.5).
QCDF [10] and SCET [14] calculations would give for the central value of r c to be 1.65, 1.02, respectively, still far away from the central value in eq.(3.5). pQCD calculations have also been carried out [11] . Using CP violation in these decays calculated in Ref. [11] , one would obtain a central value for r c to be 2.74 close to eq.(3.5). However, there the theoretical value for the branching ratio of B s → K + K − is only about half of the experimental one. If using experimental values for the the branching ratios, the value for r c is again far away from eq.(3.5).
IV. LARGE FSI PHASES AND FURTHER TESTS OF SU(3)/U PREDICTIONS
We see that within reasonable parameter space, the LHCb value in eq.(3.4) and eq.(3.5) cannot be reproduced. This may be due to that these calculations are mostly dealing with short distance contributions which respect the SU(3)/U to some degree. Long distance interaction contributions may be the source for the large difference which are much harder to calculate. Among the long distance contributions, we suggest that the FSI phase is potentially important for this large SU(3)/U violation effect [15] . This suggestion is inspired by the more precisely measured CP violation which satisfies similar SU(3)/U relation in We see that the SU(3)/U relation is well respected within 1σ level [17] . The SU(3)/U relation holds well for
Why is this so? To this end, we notice that in both conserves CP which is expected to be so. But for
The relatively large s-quark mass m s compared with the u-and d-quark masses m u,d are the source for the SU(3)/U breaking. In these two decays, the Kaon and pion mass difference cause SU(3)/U breaking causing the short distant decay amplitude differences at about 20% level. In addition long distance FSI effects may enhance the SU(3)/U violating effects causing a large difference in inducing FSI phases after getting out short distance effect domain [15] . We propose that deviation of r c from 1 is mainly caused by different FSI phases of φ T i and
In the following, we adopt a modified Rfit scheme [18] [19] [20] It is well known from K → ππ decays that large FSI phases exist. There are some analysis on possible large FSI phase in B → P P [22] and D → P P [23] decays. In particular it has been shown that in D 0 → π + π − and D 0 → K + K − , the SU(3)/U breaking effects are sizable [23] . Since the penguin contributions to these decays are highly suppressed by GIM mechanism, the SU(3)/U breaking measure can be defined by using their branching ratios and relevant CKM matrices as
In the SU(3)/U limit, bothr c above are equal to 1. Using experimental values for the branching ratios, we obtainr c (K 
Unfortunately these phases are difficult to calculate. We will not attempt to calculate these FSI phases. Instead, we will concentrate on how the proposal made here can be further tested by more experimental data on CP violation for other possible SU(3)/U related pairs. We list the pairs for B → P P decays with which the amplitudes are related by eq.(3.1) in Table II . These are the pairs named P1), P2), P3), P4), P5) and P6). From Table I , one sees that B 0 s → π 0 π 0 can also be counted as U-spin related pair with B 0 → K + K − . Some of the branching ratios and CP asymmetries of the above decay modes have been measured. They are listed in Table II. In the SU(3)/U limit, T d = T s and P d = P s and their corresponding r c are all equal to 1. Including SU(3)/U breaking effects r c will be deviate from 1. Depending on the final states of the decay modes, one expects different values for r c .
We have seen from CP violation in B 0 s → π + K − and B 0 → K + π − , r c = 1.11 ± 0.22 for P1) decays is less than 20% level because the final states in these two decays are CP conjugate states. One therefore also expects that r c for P2) and P3) pairs to about 1.11 or so. Measurements for the pairs in P2) and P3) can therefore provide good tests.
The present LHCb data indicate that the pair in P5) have a large SU(3)/U breaking effect with r c = 3.5 ± 1.06. The pair in P6) and also the pair B 0 s → π 0 π 0 and B 0 → K + K − have similar situation as long as final states are concerned. One expects the SU(3)/U breaking effects to be also large with a r c similar to that for the pair P6). Naively because that these decay modes are annihilation dominated decays, the branching ratios are expected to be small, but the two branching ratios in P6) have been measured. Experimentally, one still need to measure CP violation to test the relations.
For the two pairs in P3) and P4), one of the final state type is two Kaons and another type is one Kaon and one pion. One may expect that SU(3)/U breaking effect due to FSI is between the above two cases. P4) have small branching ratio for B + →K 0 K + making it more difficult to measure. 88. This r c value also deviates SU(3)/U expected value of 1.0. Assuming that the CPT sum rule holds, we have shown that violation of the SU(3)/U relation may indicate a large FSI phase difference in the π + π − and K + K − re-scattering. We suggest to use the pairs of U -spin related B → P P decays listed in Table II to further test the SU(3)/U relations.
Finally, we would like to mention that similar analysis using [24] B → P V and B → V V , where V is one of the vector octet mesons, can test the CPT sum rule and SU(3)/U relations. We encourage our experimental colleagues to carry out relevant measurements.
